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Abstract
This thesis is a development project for a myoelectric prosthetic hand. That means
a mechanical hand that is controlled and actuated by the user’s own muscles on
the residual limb. The thesis has led to a theoretical concept of a complete
prosthesis and a non-complete physical prototype that provides proof of many of
the concepts and functions.
The thesis was as a means of providing the mechanical development of an
alternative model of the prosthesis that is more functional and has the ability to
offer users a lower price than current models. The foundation of the project is that
the development has been done on a user need basis. This leads to customer
requirements that are derived from the users themselves.
The development begun with a wide research to obtain user feedback as well as
technical data of different mechanical solutions. The focal point of the thesis is the
mechanical aspect of the prosthetic while the electronic and sensory systems were
implemented with the use of standardized components.
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1 Introduction
1.1 Background
The development of prosthetics is needed since users are not fully satisfied
regarding current mechanical prosthetic hands according to our user needs study,
and this project is attempting to improve user satisfaction. There are many people
in the western world that are dissatisfied or cannot afford functional prosthetics,
and many more in third world countries that cannot afford prosthetics at all [1].
According to user feedback the current models of myoelectric mechanically
actuated prosthetic hands are not functional enough for the user, and many users
choose to use a passive prosthetic instead even if they own a mechanically
actuated one due to the low functionality. The price of these advanced prosthetics
is also an issue, especially in third world countries where the need is larger, and
the economy is lower [2,1].
The thesis is based on an idea by one of the authors from 2005 related to an
electroencephalography control system which gathers signals from electrodes
worn on the head [3]. The idea was never realized back then but was brought back
to life for this thesis.
The idea was reworked and changed to involve the development of a
mechanically actuated prosthetic hand using myoelectric signals from the arm
instead of an electroencephalography-based signal source as the original idea.
1.2 Aim of the study
The project aims to create a theoretical concept of a myoelectric controlled
prosthetic hand. The concept provides a mechanical concept and innovative ideas
for an improved prosthetic hand compared to current models. The main
improvements are; better functionality, lower price, lower weight, innovative
construction and actuation system. The project focuses on development based on
user needs throughout the project.
1.3 Limitations
The thesis is limited to a theoretical concept of the mechanical functions for a
myoelectric prosthetic hand. The electronics and the myoelectric signal system
will be explained as a concept using plug and play parts widely available on the
market. Everything else such as the socket for the residual limb and final design is
outside the scope of the project. The authors will limit the project to proving that
electronics and the power source can fit inside the hand by providing standard
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components in a layout. Furthermore, the authors will do a parallel work with a
prototype that is limited to function as a proof of concept for the mechanics.
1.4 Individual efforts and responsibilities
The thesis was formed in a focused and collaborated effort of two authors and the
entirety of the work has been done in consensus. The project is a development
project where the authors have worked side by side for the research and
development of the prosthesis. All major decisions have been done during
meetings where the result have been discussed and agreed upon.
1.5 Study environment
This project is a private development project owned by the two authors. The
project is also sponsored by Fire Mountain AB as a pilot project where the two
parties might cooperate in the future if the project is commercialized. The authors
also have collaboration with Lindhe Xtend for consultancy regarding prosthetics
and possible future cooperation if the project is continued after the thesis. The
authors are not legally bound to cooperate with either company after the project is
completed as a thesis.

2 Method
This project is a product development project which requires initial data and
organization to perform. The alternatives on how to organize the execution of the
project and how to gather the needed data is described below as well as a
description on the chosen methodology.
2.1 Methodology alternatives
In this project user information was required as a basis for the requirements of the
product. User information can be collected using methods such as questionnaires,
interviews, research papers with statistical data and literature.
The benefit of questionnaires is that the questions can be made for the specific
purpose the questioner want, the downsides is that it is hard to achieve a proper
amount of answers. Interviews are more straightforward; quality data can be
obtained from interviews depending on the knowledge of the interviewee
Research papers have the benefit that they can include great amounts of validated
data from both questionnaires and interviews. The data is not always exactly
what’s needed, so it commonly requires a lot of sorting to be usable. Where
literature is less likely to have the exact user information needed, it can sometimes
hold viable information.
2

The organizational methodology for the product development can be chosen from
existing proven methods or be designed by the authors. Normally the product
development methodology is taken from literature and tweaked to suit an
individual project because all projects are individual. The authors considered
using the following organizational product development theories as guidance after
doing a literature study about product development; Ullmans mechanical design
process [4], Bligårds ACD3 method[5], Freddy Olsson construction-based product
development method[6].
The three methods for product development mentioned are widely known and
well tested. The authors believe all of them would suit the project to different
degrees. Their individual benefits are; Ullman gives a lot of room for variation in
the type of process used depending on the need for the project, Bligård is focusing
on the human/machine perspective while having a very wide view on the product
development part to suit many different types of projects. Freddy Olsson is
focusing on the mechanical construction and how to make it proper while missing
parts about design.
As for the other data collected during the pre-study for technologies, hand
anatomy, technical and mechanical solutions and benchmarking the methods
suggested are likely to be quantitative ones such as literature, articles, online
sources, experiments but also qualitative such as interviews and discussions with
the universities professors or with company contacts within the prosthetics field.
2.2 Chosen methodology
The methodology used is based on Ullmans mechanical design process [4] where
in this case steps are performed in a waterfall flow with iterative steps. The
project was started with research about user needs to gather data used to plan the
product development. The entire process can be seen in the flow chart in figure
2.1 below.

1
2
3
4
5
6

• User needs study
• Project planing
• Problem definition
• Pre-studies
• Conceptual design
• Product development
3

(Figure 2.1 – flow chart of the project process)

User needs study was done because the authors didn’t want the customer
requirements to be affected by their own ideas and thoughts until later in the
project. This caused a need of an early study including surveys, interviews and a
literature review. This study was needed before the actual project planning and
pre-studies because the data collected decided how to focus on those parts.
Furthermore, doing other pre-studies or planning before the primary user needs
research would risk affecting the customer requirements.
The authors used mainly articles with different types of surveys as the source data.
Another source was from interviews with a prosthetic user whom are working
with prosthetics and have personal experience of myoelectric prosthetic use. The
interviews were semi structured with only a few questions written down before
the interview, see appendix A.
Some individual feedback from the authors own survey was used as qualitative
data since the survey had a low response rate of only 6 responds and three
answers on an open-end question by hand amputees (appendix B). The last source
is from amputee communities where user needs where collected from personal
stories from prosthetic users. The data from the amputee communities was
collected by the authors trough community websites and social media [7].
The many sources of data lead to strong triangulation in the accumulated data
which was both qualitative and quantitative. The sources include surveys from
different population groups, interviews and individual feedback from prosthetic
users. The user needs study resulted in the customer requirements.
Project planning is the planning and organizing of the entire project. As a
management methodology it structures up the future tasks and supplies deadlines
for them (see Gantt schedule in appendix C). The methodology used is Ullmans
mechanical design process [4] where a waterfall flow is used between the steps but
with a highly iterative way to work between the steps during development.
Problem definition is important because it defines the problem carefully and
makes it easy to define the boundaries and limitations for the project. The problem
definition was made by the authors during a discussion based on the original idea
for the thesis and data from the user needs study.
Pre-studies where comprehensive and included; benchmarking, current market
analysis, analysis of current functions, study of usable technologies and materials,
the human hand and arm anatomy, finger and hand movement patterns, grip
4

strength, CE-marking, medical device regulations, sensory technology,
psychological aspects and weight distribution. The pre-studies where performed
by literature reviews of books and articles in the subject, discussions with
professors at the university and studying rules and regulations.
Conceptual design and product development were the parts where the
product was developed. Concepts where created by the authors using brain
storming, sometimes together with university teachers. The concepts created from
the brainstorming where evaluated using point systems and FMEA. This step is
described well in the mechanical design process by Ullman[4] where the
development is mixed with literature study as new concepts and ideas are
generated and tested.
Parts of the prosthesis was made in CAD using the software CATIA V5, these
parts include concepts of the finger and bellow. The reason was to get a better
view of the parts and to be able to produce the bellow, see below.
The final concept was tested experimentally by making the parts (bellows) for the
actuation system using additive manufacturing using a Flashforge 3D printer. The
part was tested to insure correct function using compressed air with pressure of 1
bar, as well as injected water of low pressure to test the actuation.
2.3 Preparations and data collection
The project where prepared by initially planning in the form of a Gantt-chart
(Appendix C) with tasks and deadlines for each task. The data collection that is
described under each part of the project above involve; literature reviews,
interviews and experiments.

3 Theory
3.1 Hand prosthetics
Current prosthetics that are readily available are body powered or electric. As the
name implies body powered prosthetics rely solely on the user’s strength to grip
or interact with objects, the force required to use the prosthetic is harnessed from
the user by means of a mechanical nature such as strings, springs or other
harnesses.
The electrical prosthetics are powered by electric motors with an external power
source (it can be internally implemented via a battery). And the motion of these
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prosthetics is driven by a processed electrical signal from the muscles in the
residual limb by means of electromyography.
Other electrical prosthetics are in development such as the EEG-based
(electroencephalography) brain controlled prosthetic arm. [3]
3.2 Safety and position in medical chain
Safety is of paramount concern, so we must ensure that the hand can be opened
voluntarily when fully closed and introduction of a failsafe switch could be
considered in the finalized design. Opening and closing times of the prosthetic
should correspond or ideally be less than the competition as observed in the
benchmarking table (Table 4.4).
All non-invasive medical devices fall under CLASS 1 and must adhere to the
regulations provided by the guidelines.
To market and sell the device must undergo clinical trials to verify safety under
normal use conditions to reveal or confirm side effects of use which must be less
than the benefits of the device´s function.
The duration of use is classified as;
-

Transient for continuous use less than 60 minutes
Short term for continuous use less than 30 days
Long term for continuous use more than 30 days

Which indicates that our product would fall under the short-term category.
Materials used for production must be screened for toxicity and flammability,
compatibility with skin contact (in our case), must be safe to use with materials,
substances and gases in the environments the product is normally assigned to.
Care must be taken to minimize the possibility of exposure of the user to harmful
substances i.e. battery acid or hydraulic oils if used.
Our device must undergo a specific testing and verification period which requires,
complete technical data on the device, specific characteristics, statement of
conformity, and an overview of possible malfunctions and safety features,
instructional manuals and others extensive and detailed analyses of the device
itself and the production facility. [8]
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3.3 Human machine interfacing
The human machine interface can be defined as any input source which can be
used by the machine and interpreted as a signal in a machine process. In the
context of this project this interface is technically solved by surface
electromyography (sEMG) sensors which detect electrical activity of muscles.
In our case the electrical activity present with muscle constriction as well as the
replacement of a limb or body part by and artificial limb that is electronically or
mechanically powered. [9]
The term “bionics” is synonymous with “biomimetics - biomimicry” and in this
context, it refers to the integration of human – engineered devices to take
advantage of functional mechanisms / structures resident in nature. [10]
3.4 Sensory systems
Myoelectric
sEMG surface electromyography is the method of control over the system, there is
a plethora of available products that preform the same task, our selection of the
Myoband was made due to the fact of the open source software platform and the
ability of outputting the signals to an Arduino board which in turn could use the
Myoband signals to actuate the electrical engines within the prosthetic.
This system provides numerous benefits but also has its downsides in training
time with the adjustment of sensor placement, signal “pickup” and calibration.
One of the benefits is its low weight, compactness and real-time interpretation and
output of detected signals which can provide the user with near immediate
reaction from the prosthetics leading to greater levels of satisfaction.
As the elected signal input system for the prosthesis, electrical impulses from the
forearm muscle (sEMG) contractions will be detected and serve as signals for the
actuation of the electrical engines via an Arduino board. The Myoband also has
tactile feedback in the form of vibration where it signals the user that it is
detecting and processing signals from the forearm. The accuracy of the signal
pickup rate according to [10] is in the range of 93.6% accuracy.
The amplitude of the signal can range from 0 to 10 mV (peak-to-peak) or 0 to 1.5
mV (rms). The usable energy of the signal is limited to the 0 to 500 Hz frequency
range, with the dominant energy being in the 50-150 Hz range. Usable signals are
those with energy above the electrical noise level. [11]
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Several articles in our study show that the Myo-band is a proven method of
control. [12], [13], [14]
Feedback systems, proprioceptive feedback loops , tactile vibration
and constriction
Proprioceptors are sensors which provide information about the orientation of the
body in respect to gravity, movement of the body relative to the external medium
and movements and forces in localized regions of the body. Proprioceptive
feedback is essential for accurate execution of movement. The lack of
proprioceptive sensors due to the loss of limb would indicate impaired spatial and
movement coordination in the affected part of the body. [15]
According to article studies [16] haptic feedback systems in prosthetics can increase
acceptance of the prosthetic, lack of such systems is in fact a reason for rejection
of prosthetics in some cases. As such haptic feedback systems can relieve current
issues user have with the need for increased visual attention when using the
prosthetic and as noted in [16] can assist users in object size recognition.
3.5 Actuating systems
Current prosthetics and prototypes are utilizing a variety of systems to achieve
actuation, some of those systems are described below to provide an overview of
the solutions already present.
Shape memory alloy (SMA) string actuation is a novel approach to a wellestablished and common method of using strings. The metallic string is used as a
tendon which is attached to the end of the finger, when tensioned the finger will
flex. Tensioning is achieved by another SMA string or other mechanical means.
Introducing a current in the string causes it to heat up and return to its original
state. [17]
Electric engine actuation is commonplace in nearly all market upper limb
prosthetics, where motion is achieved by means of converting electrical power,
usually from a battery into mechanical motion via a mechanical system of
linkages.
Pneumatic systems have been developed and tested as a means of actuation where
pressurised CO2 was used to power the prosthetic which was obtained from
commercially available disposable cartridges which were connected to pressure
reducing valves and subsequently to piston like actuators. [18]
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Hydraulic actuation systems have been designed which are miniaturised versions
of larger systems that include a pump, fluid reservoirs, valves and fluidic
actuators. Batteries where used to power the pump which generated a flow of
synthetic oil and in turn the flexible actuator would expand. [19]
3.6 Hand geometry
For the simplification of referencing
and better understanding of the
elements discussed numerical
designations have been assigned to the
phalanges are their interconnecting
joints.
The distal phalange is referenced to as
segment 3
The intermediate phalange is referenced
to as segment 2
The proximal phalange is referred to as
segment 1,
The metacarpals of the hand are referred to as the palm of the hand.
-

Joint 3 is interconnecting the distal phalange and the intermediate
phalanges, or segments 3-2
Joint 2 is interconnecting the intermediate phalanges and proximal
phalanges, or segments 2-1
Joint 1 is interconnecting the proximal phalanges and the metacarpals, or
segment 1 to the palm.

The metacarpals are referred to as the palm of the hand and house all major
components of currently available market systems. refer to BeBionic, iLimb,
Michelangelo etc. there are however technical solutions that house the actuation
and other main components outside of the palm of the prosthetic as seen in article
studies. [20]
Selecting the proper geometry would influence many parameters such as the
grasping area of the prosthetic, cosmesis, weight distribution etc.
To achieve a prosthetic hand similar the human hand in several factors should be
considered; the number of fingers should be 5, in respects to pinky, ring, middle,
9

index and thumb with their respective shapes and sizes and segment number. The
width, length and height of the palm should relate to the average human male
hand size. [21]
Each finger has 3 distinct external segments (two for the thumb), of which two
would house the pneumatic/hydraulic actuating mechanism. The actuation motion
would mimic the gripping motion performed by the human hand. Regarding
finger length the ratio between the fingers can be altered according to article
studies [22] to improve the gripping of the hand, as it is a natural development not
exclusively for handling objects, this modification would not affect cosmesis as
the overall hand form would remain untouched.
The thumb is an important point for the development of a successful prosthetic,
according to article studies [23] loss of thumb corresponds to 40% loss of hand
function. As such the thumb should engineered in a way that could facilitate
crucial grasping methods which would be used to interact with the environment
and objects such as power grasp, precision grasp and key grasp (appendix C).
With the thumb being used in 90% of all gripping patterns and considering the
motion range of the thumb, we have identified that the ability of thumb movement
regarding the connecting part with the palm is critical to achieve grips rather than
the general flexion range of the thumb.
The joints of the fingers should be used to assist in carrying loads to distribute the
forces throughout the hand construction and to the socket. They should also act as
a facilitator in generating a moment force on the fingertips to achieve a higher
gripping force [24].
3.7 Natural hand friction
It is observed that friction plays a role in the adjustment of force levels applied to
an object while grasping, artificially induced impairment of localized areas of the
finger yield diminished mechanoreceptive responses resulting in disproportionate
force application. [25].
Commercially available solutions to improve the overall performance and
cosmesis of the prosthetic are available. [26, 27].
The base material of the skin natural gloves is silicone which has a Friction
coefficient between 0.25 to over 0.75. [28]
Fingertip design and contact surface
Modifications resulting in deviation from naturally occurring fingertips which
provide with a greater surface area of interaction, mitigate the effects of an
10

insufficient friction coefficient. The tribological properties of the contacting
surface play a role in the adhesive bond occurring between the objects. [29]
3. 8 Testing
Testing of the prototype can be performed and compared to the gripping strength
of the human hand; the forces expected can be compared and analyzed. [30].
Measurements of grip forces should be conducted at 20%. 50% and full closure of
the prosthetic to determine the force output of the prosthetic to ensure that it does
not exceed normal gripping strength.
Electrical consumption should be evaluated to determine the operating lifetime to
determine full product specifications.
Cyclical testing should be performed by fully actuating the prosthetic 25000 times
and 50000 at which times the state of the mechanical and electrical systems
should be inspected. [31]
3.10 Joint system
Linkage system should be designed to enable a specific motion type resembling
the flexion of the human hand. Such an approach is likely to lead to a “familiar”
motion leading to reduced training times with the prosthetic. Its primary purpose
is to facilitate motion and withstand incoming external forces acting upon the
hand, as such it is robust and in a location that will not enable open element
intersections leading to pinch spots. [32] [33] [34]
3.11 Technologies used
Additive manufacturing
Additive manufacturing are production methods where layers of base material are
stacked upon each other to produce the final product. The base material varies
depending on the process used but the underlying principle for all materials is
almost the same. The advantage of such a process is the versatility and easy
adaptability of the product output regarding dimension
As a production technology it is highly suitable for prototyping and low
production runs, which can easily accommodate the production of variously sized
components required for addressing user needs regarding the product. These
benefits can greatly assist in producing customized and dimensionally suitable
prosthetic parts.
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Electrical engines
For ease of use and standardization of elements within the hand, electrical engines
are suggested as a solution to actuate the internal systems, storage of energy for
these devices is widespread in use and consistently improving in quality resulting
in a suitable choice for the prosthesis.
Depending on the size of the hand, multiple possible solutions are readily
available for engine size and required power output as can be seen in appendix E.
[35]

Pneumatics
Pneumatically actuated muscles. [36]
The force output of the pneumatically actuated muscles will equate to
approximately 100N, and the actuation time if purely pneumatic will be
approximately 0.2s at an operating pressure of 1.4Bars.
These characteristics are entirely achievable and an adequate solution for our
system, the design of the actuator and the way of actuation will be altered to fit
the project needs.
Hydraulics
Where initially considered due to their numerous advantages such as accuracy of
control and movement, high degree of efficiency, high force output and
simplicity. However, there are some critical issues which hinder our potential use
such as weight due to the required cylinders, valves and storage of oil. Also, the
presence of oils and difficulty of sealing in small sizes is a hazard for the user and
the prosthesis itself. However, such oil can be replaced by water as a medium and
sealing can be resolved by developing a fully enclosed system.
3.12 Materials
Previous studies have concluded that weight is important which naturally leads to
lightweight materials as the primary choice for the main body of the prosthetic.
Suggested materials could include aluminum, titanium and composite materials.
Materials that are commonly used share attributes which relate to a high corrosion
resistance and chemical stability. Polymer bases are widely used in the open
source products which could provide adequate health and safety standards while
actively fulfilling user requirements. [37]
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The glove is produced from a multi-layered, variable hardness, silicone-based
material, lined with fabric mesh. To ensure minimal soiling, wear and puncture
damage. Fabric was used to ensure that sliding was achieved over actuating joints
which in turn evoked less loss of force output. A wide variety of cosmetic options
is available. [38]
BeBionic observations
Durable construction and advanced materials makes BeBionic strong enough to
handle up to 45kg – so you can confidently use the hand to carry heavy objects
and push yourself up from a seated position. [39]
By the visual aspects, it uses titanium for the central palm and fingers, and a
carbon fiber composite as the shell.
I-Limb observations
Aluminum load bearing structure with polymer over molded elements, joints can
be aluminum or upgraded to titanium. [40]

4 Results
During the development of the prosthesis the authors gathered information within
many fields related to the development. The results from the findings will be
presented under the topic for each field below. The results start with the user
needs study which the development is based on. The second heading is the
benchmarking that shows the most important specifications of current models of
prosthetic hands to give perspective on the user requirements.
The third heading describes the results of what parts within biomimicry that had a
major impact on the development and chosen mechanical solutions. While the
fourth heading describes the results of the mechanical solutions themselves, the
engineering specifications and how the prosthetic hand will function.
The fifth and sixth heading describes a proof of concept as in why the developed
concept can satisfy the user requirements respectively information regarding
safety regulations followed.
4.1 User needs study
Article study
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The results from the user needs study reveal the level of user satisfaction for
current models of prosthetic hands. The results are the base of the customer
requirements presented later. The tables below contain a summary of the findings
from three surveys related to user needs.
Table 4.1 X Biddiss et al., (-2007) is an open-ended question where prosthetic
users openly suggested what should be prioritized when designing a myoelectric
prosthetic hand. The survey highlights the importance of; weight, glove durability,
cost, sensory feedback, fine motor skills/dexterity, heat, appearance and
reliability.
Table 4.1 McFarland, Hubbard, Winkler, Heinemann, Jones, Esquenazi.-2010)
shows rejection rates for myoelectric hand prosthetics based on answers from war
veterans. The survey highlights the importance of; functionality, comfort and
weight.
Table 4.2 User satisfaction -X (2007). shows the users satisfaction levels from a
survey which highlights the importance of; weight and grasping speed. The survey
had answers for children, women and men. The authors show answers for
questions related to this project for women and men only, and an average will be
calculated when the data is used for deciding the customer requirements.
(L. Table 4.1 – Survey results from prosthetic user suggestions. R. Table 4.2 – Rejection rates study)

Design priorities (open end question)

Rejection rates

1

Weight

8%

Not functional

2

Glove durability

14%

Uncomfortable

3

Cost

17%

Too heavy

4

Sensory feedback

5

Fine motor skills/dexterity

6

Heat

7

Appearance

8

Reliability
(Table 4.2 – Survey results, user satisfaction)

Satisfaction survey
Weight
Grasping speed

Females

50% acceptable

25% a little too heavy

25% much to heavy

Males

23% acceptable

50% a little too heavy

27% much to heavy

Females

100% too slow

Males

15% acceptable

67% too slow

18% too fast
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Interviews
The authors conducted three interviews with one prosthetic user (appendix A).
The user has experience with the BeBionic prosthetic hand and is also working
professionally in the field of prosthetics. The interviews lead to many good
insights of the prosthetic market and the positive and negative sides of current
myoelectric prosthetics. A summary of the result from the interviews is listed
below in the form of suggested improvements to current models.
•
•
•
•
•
•
•

Quick changes for grips, especially the “fist” for pushing yourself up from
a sitting or lying down
Waterproofness would be a very good property
Improved sensory functions for more precise and quick control
Improve the way you lock the grip
Keep the prosthesis sound level down
Have soft outer parts of the prosthesis that interacts with objects to not
leave dents or scratches on furniture etc
The BeBionic breaks a lot, make sure the concept will be more durable

The authors survey
The authors own survey had a low response rate of only 6 responders. The
answers were considered although mainly the open-ended questions where users
gave their own points regarding improvements where of use. The main results
from this survey were these needed functions/improvements:
•
•
•

Being able to pick up objects from the floor easily
Gloves that matches your own skin tone
Improved battery time

User requirements
The user needs study led to defined user requirements and user wishes (table 4.3).
The users want a prosthetic hand that is lighter, more durable and that has better
functionality for a lower price than the current top models.
(Table 4.3 – Customer requirements)

User requirements

User wishes

1.

Low weight / comfort

1.

Sensory feedback

2.

Higher durability

2.

Less object slipping

3.

Lower cost

3.

Adaptable grip strength

4.

Better functionality (response)

4.

Reduction of noise

15

5.

Resistance to water

5.

Anthropomorphism

6.

Appearance

6.

Increased movement speed

4.2 Benchmarking
The two current top models of prosthetic hands where benchmarked to see what
solutions the market offers to the users. The user needs and rejection rates that
were gathered in the user needs study will be compared to the specifications of
current models to see how improvements can be done. The top two models are
compared below (Table 4.4) [41].
(Table 4.4 – Comparision between the i-Limb and Bebionic prosthetic hands)

Comparision between the i-Limb and Bebionic prosthetic hands
iLimb

BeBionic

Weight

443-515g

550-598g

No of actuators

6 DC motors

5 DC motors

Degree of Freedom

6

6

Joint coupling mechanism
Grasping configuration

tendon linking MCP tp PIP
power, precision, lateral, hook
and finger-point

linkage spanning MCP to PIP
power, precision, lateral,
hook and finger point

Maximum applied force

100-136N

140N

Number of joints

11

Overall size

11
l. 180-182mm, w.78-80mm, h.
35-41mm

Finger/grasp speed

200 mm/sec

1,9s (power grasp)

l. 198mm, w. 90mm, h. N/A

4.3 Biomimicry
In the field of biomimicry, the results from surveys and interviews where that the
prosthesis should resemble the human hand in size, shape and appearance. As for
internal systems there is no need to resemble the human hand since mechanical
solutions function differently from the muscles in the hand that they replace.
Furthermore, the shape of the prosthetic is meant to appear as a human hand and
not to mimic it fully in function. To resemble the size, shape and appearance the
authors studied the following topics; fingertips [42], hand geometry [43] and gripping
patterns (appendix D). The results show that the human hand is very advanced,
and that simplification is necessary to uphold the customer requirements of low
cost and weight. Below are the results for each of the three fields.
Fingertips
The fingertip of a human is very sensitive for pressure and temperature, has a
friction coefficient of 0,3µ on average [44]. The prosthesis will not have any
sensors, but it can be equipped with a force feedback system in the form of an
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armband that will squeeze the users hand gently as the grip force of the prosthesis
increases. The fingertips of the prosthesis can be coated with a tough high friction
material such as silicone [38].
Hand geometry
The hand geometry of the human hand is well defined within individual
variations. The human hand has a large number of muscles and joints compared to
what is possible to make on the prosthetic hand due to the technical requirements.
Since the objects people interact with are designed to be used by the human hand
there is limitations to what can be performed by the prosthetic hand. This leads to
certain simplifications since the prosthetic hand need to resemble the human hand,
but still cannot be as advanced. The result is that the prosthetic hand will have the
same number of fingers and finger joints as the human hand but will have a
limited degree of freedom for each finger segment compared to the human hand
(metacarpals). This leads to limited ability of usage which corresponds very well
to the limited amount of control the myoelectric signal system allows for.
Gripping patterns
The human hand has 33 gripping patterns that are standardized according to
GRASP (appendix D). While they all have their place, most tasks can be done
with fewer grips, even if less efficiently. The prosthetic hand is meant be able to
perform 3 of these grips (Power, precision and hook) which according to the
benchmarking will be enough to perform everyday tasks for the user while it still
is simple enough to satisfy the technical requirements.
4.4 Mechanical solutions
The mechanical solutions are based on the technical specifications (table 4.6). The
technical specifications where decided by the authors based on the user
requirements, benchmarking and biomimicry study. The mechanical solutions also
consider the user wishes in table 4.5
.(Table 4.5 – User requirements and the related engineering specifications)
User requirements

Engineering specifications

1. Low weight / comfort

1. Low weight, <450g

2. Higher durability

2. Can take outer forces up to 200N

3. Lower cost

3. N/A

4. Better functionality (response)

4. Gripping speed, power grasp <1.5s

5. Resistance to water

5. Waterproof, up to 1 meter of water

6. Appearance

6. Mimic the human hand with skin-like glove
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The authors came up with mechanical solutions for the prosthetic that
theoretically can satisfy all of the technical and customer requirements. But
preliminary calculations and testing of the actuation system indicate a proclivity
for a solution. The final design is not determined, but the concept includes fingers,
joints, linkages, the actuation system and the internal component layout.
A first shape is made to prove the concept, this s however not a design, the shape
is meant to prove that the concept works with a prosthetic of the size of the
average human hand size [43]. Only a final design and experimental testing can
prove that the authors solutions will improve customer satisfaction.
Actuation system
The actuation system is hydraulic based on an electric engine with a screw to
generate a linear motion. The rest of the system in hydraulic based on bellows, the
linear unit pushes a bellow to create a pressure which is transferred to bellows in
the fingers which expands and created motion that flexes the fingers.
Joints
The four fingers consist of three segments and the thumb of two segments. The
segments connect with a joint that allows flexion between the segments similar to
a human hand. Below in figure 4.6 is a suggestion for a joint that proves the
concept, the final design won’t be determined in this thesis.
Fingers
The fingers are tubular, the middle and inner segment will contain the actuation
bellows which is connected to small levers on the palm, inner and outer finger
segment for motion transfer, see figure 4.6 below. The thumb works the same way
except that the bellow is in the inner segment and pushes the outer segment and
the hand for motion transfer.

(Figure 4.6 – Concept for the finger
segments and actuation bellows)
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The bellows are connected with soft hoses to the pressure source in the hand,
therefore no hard linkages, wires or strings are connecting any part of the finger to
the hand. This system is compared to systems with linkages very resistant of outer
forces since the finger can in theory be bent, stretched and partly deformed
without losing its function of flexing. This is as long as the joints are functional
since they are critical for the flexing motion.
Internal component layout
The internal part of the prosthetic hand consists of the following parts:
-

Battery
Electrical motors with linear actuators (3x)
Bellows to pressurise the hydraulic system (3x)
Control circuit for the Myo armband and motors

The internal components (figure 4.1) are fit inside the hand with room left for
other future components while also leaving space to freely create the final design
of the hand. The layout below is a suggestion and only serves as a proof of
concept. The hand shape in the figure is from a human hand since the final design
isn’t finished.

(Figure 4.7 – the internal layout of the concept hand)
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4.5 Proof of concept
Weight
As seen in the benchmarking, current models have at least 5 DC engines and some
type of linkages between the finger segments. Reducing this to 3 DC engines will
reduce the weight. Lightweight materials would be used for all parts of the
prosthesis, this is however also used by the benchmarked models and wouldn’t
make a big difference. The authors will consider most structural parts of the
prosthesis to be similar in weight as current models.
Durability
Users complained about broken parts on the benchmarked prosthetics. Bent
fingers when they bumped the hand into objects. The developed concept is meant
to improve this by having no linkages between the finger segments that can break
and lead to non-functional flexing. Also, the hydraulic bellow actuation system is
meant to leave room for a very strong design of the finger segments which gives
opportunity to make the fingers less fragile than the benchmarked models.
Cost
The cost cannot be determined. The concept is meant to reduce the cost compared
to current models while still achieve at least the same functionality. The concept
would achieve this by having fewer parts and being less complex in general. The
electronics and programming will be less advanced since there won’t be as many
engines or as advanced actuation system. This leads to less development costs as
well as material costs. The lower complexity is meant to remove the excess
functions of the benchmarked models and not the functions that users actually ask
for.
Functionality
The functionality of the concept is not greatly improved compared to the
benchmarked models. Only the final design can determine how the functionality
actually will be. But the concept is built in a similar way which makes it at least as
functional as the benchmarked models. And a future continued development
together with users gives opportunity to also improving the functionality
compared to current models.
The suggested introduction of a force feedback system which would give the user
a signal in the form of an armband that contracts as the prosthetic grip force
increases would increase the functionality according to the user needs study.
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Water resistance
The concept is meant to have a coating of silicone or a silicone glove making it
fully water resistant and easy to wash. This was asked for in different grade in all
the sources of data in the user needs study. Making is water resistant increases the
functionality in many applications for the user ranging from cooking to personal
hygiene.
Appearance
The concept is only on a mechanical development so far. However, appearance
has been considered greatly by studying the human hand geometry and gripping
patters to make the prosthesis “human like”. The authors also suggest for the final
design that a custom-made glove should be made available for the user in the
user’s own skin tone since it was suggested by a user in an open-ended question.
4.6 Safety and regulations
Our prosthetic device falls under class 1 of 3 of the medical device rating of the
EU / CE. Class 1 products are considered low risk devices and should conform to
minimum regulatory, technical and safety requirements [8].

5 Conclusions
The authors consider the project a success, since many of the goals for the concept
where achieved. Below are listed the main conclusions based on the headings in
the result section.
5.1 User needs
• The main improvements the users ask for are; less weight, lower price,
faster response time (functionality) and waterproofness.
• The concept has the theoretical benefits against current models to improve
all of the user needs.
5.2 Benchmarking
• The two top models that where benchmarked are similar in function and
specifications. The technical solutions are therefore easily benchmarked.
• The focus in the benchmarking was the weight, number of engines,
degrees of freedom and gripping force.
• The benchmarking gave data as of what specifications needed to be
exceeded to increase the customer satisfaction based on the user needs
study.
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5.3 Biomimicry
• The external of the hand are based on biomimicry as of fingertip friction,
hand size, finger flexing, and general shape.
• The inside parts such as actuation and power source is not based on
biomimicry.
5.4 Mechanical solutions
• The actuation system is hydraulic and based on a closed system with soft
bellows that transfer actuation trough soft hoses between the bellows.
• The actuation system flexes the fingers using two bellows which focuses
the actuation on the joint with the lowest resistance. This system
automatically wraps fingers around objects without the need of sensors or
advanced linkages or engines.
• The joints are strong and can move the finger segments 0-90 degrees.
• The fingers are tubular and only contain the bellows and hoses which
makes them very light.
5.5 Customer satisfaction
• The internal of the hand contains fewer components compared to current
models which makes it less complex and support it in achieving a lower
weight.
• The actuation system decreases the need for advanced electronics making
it less likely to break.
• The combined lower complexity and development cost creates an
opportunity for a lower market cost for the user.
5.6 Future activities
The next step for the project would be to revise the functions and create the final
design. The authors have the following extra functions in mind.
•
•
•
•

Force feedback system where the gripping force will be translated into an
armband that contract on the users arm as the gripping strength increases.
Extra functions, such as flashlight and magnet build into the final design.
Extra battery pack that will be mounted externally on the body of the user.
Development of a more functional thumb, with rotation of its base.
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6 Critical review
6.1 Scope of the project
In retrospect the main reasons for this project was to create a concept for a
prosthetic hand that was developed based on user needs without influence on
marketing or what the developer think is needed. The scope was to achieve the
same functionality or better while keeping the price lower compared to current
models.
The current models have many functions making them complex and expensive,
they also tend to break easily if subjected to outer forces. Studies have shown that
users rather have a more functional prosthesis that is cheaper than having many
fancy functions. This project has led to a concept which satisfies those needs.
6.2 Effects of the project
The project if realized and successfully implemented on the market would benefit
the society by providing more affordable prosthetics to people who might not
afford it today. It would still be a commercial product with the aim for profit that
competed against other models on the market. This would still most likely lead to
a price too high to reach the huge third world market and its great need for
prosthetics.
However, the authors aim to make the prosthesis freely available by 3D printing
it, if they decide to continue the project but not commercialize it themselves. This
possible outcome could have a big impact for society by providing a functional
myoelectric prosthesis for a very low cost. Worth to mention is that there are
several such projects in process already.
The authors came up with a different type of actuation system not used in any of
the current models on the market. This is innovative and if successful could
improve the function of prosthetics in the future. The authors have however found
the technology in other projects where it currently is being tested. This means that
the technology isn’t unknown and might therefore be adapted by current
prosthesis companies in the future.
6.3 What could have been done differently
The authors attempted to create their own survey in the beginning of the project
during the user needs study. This survey failed due to too few replies, the study
continued by doing an article review to find successful surveys in the area. The
time spent on the survey could have been spent on finding subjects to interview
instead and better helped the project.
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The authors are pleased with the methodology, while having some experience of
product development from other projects it set a smooth flow during the entire
project.
The open mind-set in the beginning and the focus on the user needs led to many
early concepts that did not resemble a human hand at all, but which still solved
most of the functions a user needed. These concepts where later rejected as the
user needs study revealed a rather strong wish from the users for the hand to look
natural compared to a human hand.
6.4 What wasn’t finished
The original scope of the project was to create a more complete concept with a
functional rotating thumb. The project was however too grand for the 15 credits
this thesis gives. During the project the authors decided to limit the project to
what it is now.

24

References
1. Ziegler-Graham, Kathryn & Mackenzie, Ellen & Ephraim, Patti & Travison, Thomas &
Brookmeyer, Ron. (2008). Estimating the Prevalence of Limb Loss in the United States: 2005 to
2050. Archives of physical medicine and rehabilitation. 89. 422-9. 10.1016/j.apmr.2007.11.005.
2. Cordella F, Ciancio AL, Sacchetti R, Davalli A, Cutti AG, Guglielmelli E and Zollo L (2016)
Literature Review on Needs of Upper Limb Prosthesis Users. Front. Neurosci. 10:209. doi:
10.3389/fnins.2016.00209
3.T. Beyrouthy, S. Kork, J. Korbane, M. Abouelela, "EEG Mind Controlled Smart Prosthetic Arm
– A Comprehensive Study", Advances in Science, Technology and Engineering Systems Journal,
vol. 2, no. 3, pp. 891-899 (2017).
4. Ullman, D. G. (2010). The Mechanical design process. Boston: McGraw-Hill.
5. Bligård (2015). ACD3 Utvecklingsprocessen ur ett människa-maskinperspektiv. Göteborg:
Chalmers tekniska högskola 2015.
6. Wisker, G. (2010). The postgraduate research handbook: Succeed with your MA, MPhil, EdD
and PhD. Basingstoke, Hampshire: Palgrave Macmillan.
7. community access websites
8. COUNCIL DIRECTIVE 93/42/EEC of 14 June 1993 concerning medical devices (OJ L 169,
12.7.1993, p. 1)
9. Collins English Dictionary (May 2018), “The word bionics” URL:
https://www.collinsdictionary.com/dictionary/english/bionics (2018.05)
10. Wallace, G. G., Moulton, S., Kapsa, R. M., & Higgins, M. (2012). Organic Bionics. Hoboken:
John Wiley & Sons.
10. Sathiyanarayanan, Mithileysh & Mulling, Tobias & Nazir, Bushra. (2015). Controlling a Robot
Using a Wearable Device (MYO). International Journal of Engineering Development and
Research (IJEDR). 3.
11. Sun, Wentao & Zhu, Jinying & Jiang, Yinlai & Yokoi, Hiroshi & Huang, Qiang. (2018). OneChannel Surface Electromyography Decomposition for Muscle Force Estimation. Frontiers in
Neurorobotics. 12. 10.3389/fnbot.2018.00020.
12. Kilby, Colin & Whitehead, Anthony. (2018). A Study of Viewpoint and Feedback in Wearable
Systems for Controlling a Robot Arm. 136-148. 10.1007/978-3-319-60639-2_14.
13. Taha Beyrouthy*, Samer Al Kork, Joe Akl Korbane, Mohamed Abouelela (2017). Application
of Myo Armband System to Control a Robot Interface. Advances in Science, Technology and
Engineering Systems Journal Vol. 2, No. 3, 891-899 (2017)

25

14. Atzori, Manfredo & Müller, Henning. (2015). Control Capabilities of Myoelectric Robotic
Prostheses by Hand Amputees: A Scientific Research and Market Overview. Frontiers in Systems
Neuroscience. 9. 10.3389/fnsys.2015.00162.
15. eLS First published: 30 May 2001 Print ISBN: 9780470016176| Online ISBN:
9780470015902| DOI: 10.1002/047001590X Copyright © 2001 John Wiley & Sons, Ltd. All
rights reserved.
16. Battaglia, Edoardo & P. Clark, Janelle & Bianchi, Matteo & G. Catalano, Manuel & Bicchi,
Antonio & O'Malley, Marcia. (2017). The Rice Haptic Rocker: Skin stretch haptic feedback with
the Pisa/IIT SoftHand. 7-12. 10.1109/WHC.2017.7989848. 17. Experimental Study of a Shape
Memory Alloy Actuation System for a Novel Prosthetic Hand
18. Plettenburg, Dick. (2018). PROSTHETIC ACTUATION: A CASE FOR PNEUMATICS..
19. Kargov, A & Werner, Tino & Pylatiuk, Christian & Schulz, Stefan. (2008). Development of a
miniaturised hydraulic actuation system for artificial hands. Sensors and Actuators A: Physical.
141. 548-557. 10.1016/j.sna.2007.10.025. 20. Design of a Prosthetic Hand with Remote Actuation
/ Modular Externally-Powered System
21. Chandra, Arunesh. (2011). Analysis of Hand Anthropometric Dimensions of Male Industrial
Workers of Haryana State. International Journal of Engineering. 5. 22. Exploring the existence of
better hands for manipulation than the human hand based on hand proportions
23. Cotugno, Giuseppe & Althoefer, Kaspar & Nanayakkara, Thrishantha. (2016). The Role of the
Thumb: Study of Finger Motion in Grasping and Reachability Space in Human and Robotic
Hands. IEEE Transactions on Systems, Man, and Cybernetics: Systems. 47. 1-10.
10.1109/TSMC.2016.2531679. 24.
Biomechanical analysis of the humanfinger extensor mechanism duringisometric pressing
25. Westling, G., & Johansson, D.R. (1984). Factors influencing the force control during precision
grip. Experimental Brain Research, 53, 277-284.

26. Ottobock - SkinNatural prosthesis gloves (2015) URL:
https://www.ottobock.com.au/prosthetics/upper-limb/solution-overview/skin-natural-prostheticgloves/
27. Realistic Prosthetics Ltd. (2018) URL:
http://www.realisticprosthetics.com/html/silicone_gloves.html
28. Albrigt Silicone - Types and Properties of Moldable Silicone Rubber (2018). URL:
https://albrightsilicone.com/types-and-properties/
29. G.P. Chimata, C.J. Schwartz. (2018). Investigation of friction mechanisms in finger pad
sliding against surfaces of varying roughness. Biotribology, Volume 3, Pages 11-19,
30. Alfred B. Swanson, M.D. Ivan B. Matev, M.D. G. de Groot, M.D. THE STRENGTH OF THE
HAND. Orthopaedic Research Department Blodgett Memorial Hospital 1840 Wealthy Street, S.E.
Grand Rapids, Mich. 49506

26

31. B. Ingvarsson, I. Karlsson, L-G. Ottosson, and M. Thyberg (1982) Technical note-test
instructions for the technical testing of mono-functional myoelectrically-controlled prosthetic
hands. A proposal. Prosthetics and Orthotics International Vol 6, Issue 1, pp. 41 - 42
32. Hu, Di & Xiong, Cai-Hua & Liu, Mingjin. (2017). Exploring the existence of better hands for
manipulation than the human hand based on hand proportions. Journal of Theoretical Biology.
440. 10.1016/j.jtbi.2017.12.026. 33 Biomechanical analysis of the human
finger extensor mechanism during isometric pressing
34. Gracia, Verónica & Vergara, Margarita & Sancho-Bru, Joaquín & Mora, Marta & Piqueras,
Catalina. (2017). Functional range of motion of the hand joints in activities of the International
Classification of Functioning, Disability and Health. Journal of hand therapy : official journal of
the American Society of Hand Therapists. 30. 10.1016/j.jht.2016.08.001.
35. haydonkerkpittman – Retail of electric engine. For engine specifications (2018.05) URL:
https://www.haydonkerkpittman.com/products/linearactuators/hybridstepper/size8
36. Deaconescu, A. & Deaconescu, T. (2008). CONTRIBUTIONS TO THE BEHAVIOURAL
STUDY OF PNEUMATICALLY ACTUATED ARTIFICIAL MUSCLES. 6th International
DAAAM Baltic Conference INDUSTRIAL ENGINEERING 24-26 April 2008, Tallinn, Estonia
37. Anissa Mota. (2017). Materials of Prosthetic Limbs. California State Polytechnic University,
Pomona Mechanical Engineering Department Materials Engineering Winter 2017
38. Smit, Gerwin & Plettenburg, Dick. (2013). Comparison of mechanical properties of silicone
and PVC (polyvinylchloride) cosmetic gloves for articulating hand prostheses. Journal of
rehabilitation research and development. 50. 723-32. 10.1682/JRRD.2011.12.0238.
39. BeBionic (prosthetic company) (2018.05) URL: www.bebionic.com
40. Touch bionics by Ossur (prosthetic company (2018.05) URL:
http://www.touchbionics.com/resources/document-library i-limb_ultra_data_sheet
41. T Belter, Joseph & Segil, Jacob & M Dollar, Aaron & Weir, Richard. (2013). Mechanical
design and performance specifications of anthropomorphic prosthetic hands: A review. Journal of
rehabilitation research and development. 50. 599-618. 10.1682/JRRD.2011.10.0188.
42. Chimata, G.P. & Schwartz, C.J.. (2015). Investigation of friction mechanisms in finger pad
sliding against surfaces of varying roughness. Biotribology. 3. 11-19.
10.1016/j.biotri.2015.09.002.
43. Comparative anthropometry of the hand, United States Army Natick research and development
laboratories, Natick Massachusetts 01760
44. S.E. Tomlinson∗, R. Lewis, M.J. Carré. (2010) The effect of normal force and roughness on
friction in human finger contact Department of Mechanical Engineering, The University of
Sheffield, Mappin Street, Sheffield, South Yorkshire S1 3JD, United Kingdom

27

Appendixes
Appendix A. Interview questions
Notes from meeting with users
Important factors.
- Quick changeovers are useful, especially for "fist" or similar
for pushing yourself up.
- Waterproof is very good
- Good sensory functions for precise control
- "lock" the grip easily.
- It would be pretty good if I could use my prosthetic to do
heavier work like woodworking or gardening. It is quite difficult
to use tools with the hand, at least the ones that require
precision.
To think about.
Noise bothered me when I first got it but I do not notice it now
after I´ve used it for so long. When I use it a lot in a short
while it kind of gets a bit hot, I can feel it but it is not bad.
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Appendix B. Surveys
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30

Appendix C. Gantt chart
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Appendix D. GRASPS TABLE
A grasp can be classified as a hand posture with which an object can be held securely, a
variety of possible executions is present in the table.
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Appendix E. Stepper motor specifications
Hybrid stepper linear actuator engine size 08, data sheet
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